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Abstract Interdisciplinary scholars and policy makers have claimed that increasing
material productivity not only reduces environmental pressures but also improves
the competitiveness of economies. This is particularly relevant in the context of the
European Union (EU) since it motivates its resource efficiency and circular econ-
omy agenda by referring to this assertion. However, two limitations in the literature
cast doubt on the validity of the claim. First, the literature fails to clarify the concept
and measurement of macroeconomic competitiveness. Second, it lacks to take the
endogeneity of material productivity into account. Addressing both shortcomings,
this paper reviews the concept of macroeconomic competitiveness and identifies six
conventional macroeconomic indicators to approximate it. Moreover, using panel
data of the 28 member states of the EU between 2000 and 2014, the causal impact of
material productivity on the six indicators is estimated, instrumenting material
productivity with the number of deaths from natural hazards. The results provide
evidence for a positive and causal impact of the material productivity rate on the
wage rate and, with lower confidence, on the current account rate, while the
remaining macroeconomic indicators are not significantly affected. Overall, these
results suggest to be cautious with the claim that increasing material productivity
improves macroeconomic competitiveness in the EU. Particularly the positive effect
on the wage rate calls for considering possibilities to channel gains from increasing
material productivity into eco-innovations to reduce the magnitude of potential
rebound effects and thus environmental pressures.
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1 Introduction
The consumption of materials is directly or indirectly part of every product or service
consumed or produced in modern economies. This has led materials to be considered
‘‘the backbone of the economic production and consumption systems’’ (Bahn-
Walkowiak and Steger 2015). As such, materials are on the agendas of academia, the
private sector and policy making, while their role in the political process has changed
over time. Initial discussions on materials emphasised their physical limits
(Meadows et al. 1972; Tilton 2001), which was later complemented by environ-
mental (Rockstro¨m et al. 2009) and strategic concerns (Graedel et al. 2012).
Starting from the early 1990s, the economic and environmental implications of
material use have been recognised on a global level: ‘‘Reducing the amount of
energy and materials used per unit in the production of goods and services can
contribute both to the alleviation of environmental stress and to greater economic
and industrial productivity and competitiveness.’’ (UN 1992). Since then, the claim
that increasing material productivity improves competitiveness while reducing
environmental pressures is at the centre stage of contemporary resource efficiency,
circular economy and raw materials policies in the European Union (EU) (EC
2008, 2011, 2015a).1 In particular, the environmental benefits from reducing
material use and improving material productivity are reflected in a broad literature
in industrial ecology (Voet et al. 2005; Kagawa et al. 2014; Wei et al. 2015) and
environmental economics (Tietenberg 2000; Nakano and Managi 2012).
The interdisciplinary literature provides evidence that increasing material produc-
tivity improves competitiveness (e.g. Bleischwitz et al. 2007; Bleischwitz and Steger
2009; Schro¨ter et al. 2011; Bassi et al. 2012) and relevant macroeconomic indicators
(e.g. Distelkamp et al. 2010; Walz 2011; Meyer et al. 2011). However, there are two
limitations in the current literature. First, it fails to clarify the concept and
measurement of competitiveness on the macroeconomic level. Second, it lacks to
take the endogeneity of material productivity into account.2 Such shortcomings are
particularly relevant, as major financial resources are allocated according to previous
studies (EC 2014a) and a range of environmental policies around the world are
motivated by those investigations (OECD 2016; UNEP IRP 2016).
This paper first reviews the concept of macroeconomic competitiveness and
identifies six conventional macroeconomic indicators to approximate it, while
acknowledging that no optimal measure exists. Second, using a panel data set for the
1 While this paper focusses on the EU, the OECD (2016), the UN (UNEP IRP 2011, 2014), the G7
(2015, 2016), multilateral development banks (EBRD 2015; World Bank 2015), national governments
(EEA 2011), and the private sector (WBCSD 2010; McKinsey Global Institute 2011) have their own
initiatives on the issue.
2 A recent analysis by Sakamoto and Managi (2017) shows that better energy or environmental
performance (similar to material productivity) improves the competitiveness of industries, measured in
terms of their exports. The authors address the problem of endogeneity using a two-stage least square
approach (2SLS).
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EU’s 28 member states between 2000 and 2014, the causal impact of material
productivity on each of the six indicators is estimated. Material productivity is
instrumented with the number of deaths from natural hazards, which are shown to
be both relevant and valid. The results suggest that increasing the material
productivity rate causes (1) the wage rate to increase, and (2) with lower confidence,
the current account rate to improve, while the other indicators are insignificantly
affected. The causal impact is robust and relevant for the wage rate, raising the
question whether higher wages increase or decrease competitiveness. Additionally,
the paper discusses policy options to reduce the magnitude of potential rebound
effects and thus environmental pressures. Overall, these findings call for more
caution when making the claim that increasing material productivity improves
macroeconomic competitiveness in the EU.
The paper is structured as follows. Section 2 reviews the literature on
macroeconomic competitiveness and material productivity. Section 3 describes
the modelling approach and instrumentation strategy in detail. Section 4 introduces
the data, Sect. 5 outlines the results, Sect. 6 discusses the findings, and Sect. 7
concludes.
2 Competitiveness and material productivity
2.1 Macroeconomic competitiveness
There is no commonly agreed definition on macroeconomic competitiveness.
Nevertheless, by reviewing four approaches to competitiveness, the concept is
evaluated and six conventional macroeconomic indicators are identified to proxy
competitiveness.
1. Krugman’s critique: In two seminal papers, Krugman (1994, 1996) questions
whether the concept of macroeconomic competitiveness is at all meaningful
by bringing forward three arguments. First, countries, unlike firms, do not
compete with each other on markets because they predominantly produce
public goods. Additionally, countries cannot go out of business (only default)
and, on average, mutually benefit from exchange. Second, if the aim is to
raise the standard of living, competitiveness is essentially achieved by
productivity growth. Hence, defining productivity growth as competitiveness
is misleading. Third, the author warns against protectionist tendencies since
proponents of competitiveness may favour imposing trade restrictions to
safeguard their country from competitors.
However, Krugman (1996) acknowledges that competitiveness has some merit
outside standard models: ‘‘[…] people who talk about competitiveness must
understand the basics [of trade theory] and have in mind some sophisticated
departure from standard economic models, involving imperfect competition,
external economies, or both.’’ Therefore, proponents of macroeconomic
competitiveness typically refer to any types of market failures, including
imperfect information, market power, and transaction costs (Reinert 1995;
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Budzinski 2007; Fagerberg et al. 2007). For instance, Lall (2001) argues that
countries can generate a competitive advantage temporarily by grasping
benefits from correcting market failures faster than others. In a nutshell, the
concept of macroeconomic competitiveness becomes a meaningful concept
according to Krugman (1996) once market failures are present.
2. Price competitiveness: Among economists and policy makers, macroeconomic
competitiveness is frequently measured by standard cost and trade indicators,
including unit labour costs, the real effective exchange rate, interest rates, and
the current account (Siggel 2006). The rationale is that competition plays out on
prices, essentially resulting in offshoring production and employment from
high-cost to low-cost economies (Acemoglu et al. 2016). For high-cost
countries to remain competitive, they need to reduce costs (Salvatore 2010).
However, Porter (1990) argues that such cost measures are insufficient in
explaining a competitive advantage. For instance, a fall in wages or the
exchange rate does not make a country more competitive if competitiveness is
defined as raising the standard of living (Snowdon and Stonehouse 2006).
Aiginger (2006) argues that ‘price competitiveness’ is a reasonable measure in
perfectly competitive markets and for low-income countries since they are
competing along homogeneous goods, but not in imperfect markets and high-
income countries, as they typically compete along innovations, qualities as well
as environmentally sustainable and socially inclusive growth (Rozmahel et al.
2014).3
Consequently, price measures are important in determining competitiveness,
but are insufficient and potentially misleading if they are not complemented by
non-price indicators. Accordingly, Aiginger (2006) defines competitiveness as
‘‘the ability of a country or location to create welfare’’, which is shared by
several scholars (Reinert 1995; Lehner et al. 1999; Snowdon and Stonehouse
2006; Salvatore 2010; Voinescu and Moisoiu 2015). To measure welfare,
Aiginger (2006) argues to complement cost measures with additional non-price
factors, including outcome measures (e.g. GDP per capita, employment, wages)
and process measures (e.g. institutions, technology).
3. Porter’s diamond: Porter (1990) argues that competitiveness can only be
realised by firms through continuous innovation and upgrading. This approach
essentially claims that only firms compete with each other, but the country’s
environment is an important factor for firms’ success. In short, microeconomic
and macroeconomic factors combined determine competitiveness (Thompson
2004). Porter (1990) calls these the ‘‘diamond of national competitiveness’’,
which comprises interrelated factors that together explain macroeconomic
3 This has previously been discussed in the literature as the Kaldor paradox which originates from
relative unit labour costs being positively correlated with the relative market share of manufacturing
exports (Kaldor 1978). Hence, Kaldor (1978) questioned ‘‘the relative importance of price (or cost?)
competition, as against other ‘non-price’ factors, such as superiority of design or quality, length and
reliability of delivery dates, after-sales service, etc.’’.
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competitiveness.4 Hence, competitiveness is essentially about setting the
business and legal environment in which firms compete.
4. Institutions: There are many definitions of institutions (North 1990, 1991;
Coase 1998; Bleischwitz 2005). Nevertheless, the consensus in the literature
seems to be that institutions directly or indirectly establish constraints to the
economic system, thus shaping the ‘rules of the game’. According to Caplin and
Nalebuff (1997), institutions have an impact on their environment by shaping
the formal, informal, internal, and external setting in which firms operate, i.e.
institutions are a determinant of competitiveness. As such, institutions are
thought to support factor accumulation, innovation, the efficiency of resource
allocation and thus affecting economic growth and development (de Soto 2003;
Lee 2010). Furthermore, institutions can incentivise the spread of knowledge by
influencing its content, direction, and dynamic (Vanberg and Kerber 1994)
which is at the core of Schumpeterian competition (Budzinski 2007).5 In short,
institutions play an important role in the competitiveness debate since they
shape the environment in which firms operate, both internally and externally
(Bleischwitz 2003, 2010).
Considering these four approaches, the following understanding and indicators
are identified to best approximate macroeconomic competitiveness. First, the
existence of market failures is a necessary condition for macroeconomic compet-
itiveness. Second, price measures need to be complemented by non-price factors.
Third, country level indicators need to be linked with firm level measures. Fourth,
competitiveness is about generating welfare. Accordingly, following Dechezlepreˆtre
and Sato (2014), six indicators are chosen to approximate the various understand-
ings of macroeconomic competitiveness: (1) gross domestic product (GDP) per
capita, (2) the unemployment rate, (3) wages per capita (all three reflecting the
ability of an economy to generate welfare), (4) research and development (R&D)
investments referring to Porter’s concept of continuous innovation and upgrading,
(5) the current account representing a conventional price competitiveness indicator,
and (6) the Global Competitiveness Index (GCI) from the World Economic Forum
that emphasises the role of institutions as a determinant of competitiveness. While
these six indicators are argued to approximate macroeconomic competitiveness, it
has to be acknowledged that no optimal measure (or set of measures) exists. Thus,
4 Porter (1990) identifies four factors. First, factor conditions such as labour, capital, land, resources,
highly specialised skills, and infrastructure, which determine which goods and services a country
specialises in and how competitive they can be supplied to the market. Second, demand conditions, which
describe the sophistication of domestic demand and is positively linked to competitiveness. Third, related
and supported industries, including the strength, proximity and specialisation of the domestic supplier
industry to increase the likelihood of innovation spill-overs (due to proximity, clusters, networks,
preferential treatment). Fourth, firm strategy, structure, and rivalry, which emphasise the importance of
the legislative environment, the creation, organisation, and management of firms as well as the level of
competition in the market.
5 At the same time, Bleischwitz (2005) argues that institutions face a trade-off between setting rules,
which can decrease transaction costs and lead to an efficient allocation of resources, and the cost of
setting up and maintaining institutions as well as the costs of ‘over-regulation’, for instance when
outdated regulation impedes technological progress.
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this analysis brings forward one possible set of indicators based on reviewing the
literature, without claiming to capture all aspects of it.
2.2 Material productivity
Productivity is typically represented as the ratio between the output of a production
process and its inputs (OECD 2007). Material productivity is a single-factor
productivity indicator and measures the effectiveness by which output has been
created from each unit of material input (Dahlstrom and Ekins 2005; Syverson
2011), and can be expressed the following way.
MPt;i ¼ Yt;i
Mt;i
ð1Þ
where Y represents output, M material input or material use (Mt;i[ 0), t the time
dimension, and i the level dimension (country, firm). The concept of material
productivity has been increasingly standardised, used in the academic literature (e.g.
Bruyn et al. 2009; Steinberger and Krausmann 2011; Wiedmann et al. 2015) and
taken up in a number of statistical offices in industrial countries such as across the
EU and Japan (Hinterberger et al. 2003; Bahn-Walkowiak and Steger 2015). Sim-
ilarly, several reports from international organisations refer directly to it (e.g. UNEP
IRP 2011, 2014; OECD 2016).
3 Modelling approach
3.1 The problem of endogeneity
There are three sources of endogeneity—omitted variable bias, reverse causality,
and measurement errors. The latter can be problematic if there are additive random
errors. Since the EU has established monitoring and reporting authorities, any time-
invariant and arbitrary measurement errors are unlikely to occur. But even if
measurement errors exist in the sample, two-stage least square (2SLS) would
address this problem provided that the instrument is uncorrelated with the additive
random error (Angrist and Krueger 2001).
The second source of endogeneity is omitted variable bias. Without controlling
for all possible variables that influence competitiveness, the coefficients are biased
using ordinary least square (OLS). 2SLS can be a viable solution to this problem,
even if the possible variables causing the bias are unknown. This is because the
instrument only considers the part of the variation in the endogenous variable that is
uncorrelated with the omitted variables, assuming that the instrument is indeed
exogenous (Angrist and Krueger 2001).
The third source of endogeneity is reverse causality, which will be the focus of
this paper. Even though increasing material productivity is argued to improve
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competitiveness,6 competitiveness in turn is likely to affect material productivity, as
more competitive countries are more likely to be more material productive
(Bringezu et al. 2004). This is because they are technologically further advanced
and they generate more (eco-)innovations which can increase material productivity
(Bleischwitz et al. 2007). Additionally, the following outlines the rationale for
reverse causality for each competitiveness indicator individually.
Material productivity is argued to have a positive impact on economic growth
and (un)employment (Walz 2011; Meyer et al. 2011; Cooper et al. 2016), while
growth endogenously determines material productivity. High employment fig-
ures positively affect economic growth through the production function of an
economy and material consumption by increased disposable income for purchasing
material-intensive goods. Disposable income is closely related to wages, which
determine the cost of labour and thus the use of materials, as labour and materials
are argued to be substitutes (Bruyn et al. 2009; Allwood et al. 2011; Bleischwitz
2012). Additionally, wages are considered to impact economic growth and trade
(Cahuc and Michel 1996; Askenazy 2003). While there is no evidence so far that
material productivity has an effect on wages, according to conventional theory,
labour productivity determines wages (Millea 2002). In the case of R&D, some
economic models predict increasing material productivity triggers investments in
R&D, especially in eco-innovations (Meyer 2011). At the same time, R&D efforts
can result in increased material productivity (Eco-Innovation Observatory 2012).
Material and energy productivity are claimed to have a positive impact on trade and
thus the current account (UNIDO 2011), while trade and the current account
endogenously determine material productivity, both through general trade (as part
of GDP) and the trade of materials (as part of material use). Lastly, material
productivity is correlated with composite competitiveness indicators such as the
GCI (Bleischwitz et al. 2009); however, the direction of the causal effect is unclear.
All such reverse effects are highly problematic, because the coefficients of
correlation and simple regression analyses become biased and inconsistent (Angrist
and Pischke 2009). Thus, 2SLS is used addressing all three sources of endogeneity
(Angrist and Krueger 2001). Alternative methods such as testing for causality (e.g.
co-integration testing), using lagged endogenous variables, and dynamic panel
approaches are either merely a form of predictive causality or are likely to violate
6 Bleischwitz and Steger (2009) find a positive and significant correlation between material productivity
and several competitiveness indices. An investigation on the savings potential of increasing material
efficiency in SMEs in Germany suggests that the average savings are in the order of 7–8% (Fh-ISI et al.
2005; Schro¨ter et al. 2011). This positive link between material productivity and competitiveness is also
reflected in related studies on energy efficiency (UNIDO 2011; EC 2014b), resource efficiency (Oakdene
Hollins 2011; OECD 2011; Bassi et al. 2012; AMEC and Bio IS 2013), and environmental efficiency
(Sakamoto and Managi 2017). Material productivity is argued to improve the macroeconomic
environment. Scholars find evidence that material productivity increases GDP (Distelkamp et al. 2010;
Meyer et al. 2011; EC 2014c), employment (Distelkamp et al. 2010; Meyer 2011; Walz 2011; Meyer
et al. 2011; EC 2014c; Cooper et al. 2016), and total factor productivity (Ecorys 2011), while reducing
public debt (Distelkamp et al. 2010; Meyer et al. 2011) and absolute material consumption (Distelkamp
et al. 2010; Meyer et al. 2011). Material productivity also leads to more environmentally sustainable
economies (Zhang and London 2013; Aiginger and Vogel 2015). Whether there is a causal impact of
increasing material productivity on competitiveness has not yet been researched, notwithstanding initial
attempts (Flachenecker 2015).
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the exclusion restriction (Kraay 2012; Panizza and Presbitero 2014). Reed (2015)
additionally shows that even using lagged variables as instruments can be
problematic in case they explain the dependent variable. Hence, using an exogenous
variable as an instrument is the most adequate way to address all three causes of
endogeneity.
3.2 Instrumentation strategy
Instruments have to comply with two conditions—they need to be relevant and
valid. The former essentially requires a strong correlation between the instrument
and the endogenous variable. The impact of natural hazards on material productivity
can occur both through changes in output and material use. While there is no
consensus on either the magnitude or the direction of how natural hazards affect
output (Cavallo et al. 2010; World Bank 2010; Cavallo et al. 2013; Noy and DuPont
2016), the great majority of the literature argues that disasters reduce economic
activity due to damages to the capital stock and other disruptions in the immediate
aftermath of the disaster (e.g. electricity cuts, obstructing people to work) as well as
in long term (e.g. crowding-out investments, migration, welfare transfers)
(Hochrainer 2009; Raddatz 2009; Hsiang and Jina 2014; DuPont et al. 2015).
Material use is likely to be positively affected by disasters as a result of
reconstruction efforts, which might take place right after the disaster struck or with a
delay.
The impact of such disasters on material productivity can be exemplified by the
heat wave in Europe in 2003. Many European countries were hit by an unusually
severe heat wave in July–August that year, causing a total of more than 70,000
deaths across 16 countries (Robine et al. 2008). The heat wave had substantial
economic consequences relevant for both output and material use, e.g. river
transportation was restricted because of low water levels, electricity production was
reduced since nuclear power plants had to shut down, public rail transportation was
disrupted, construction efforts were paused and later caught up, and total agriculture
production decreased by approximately 10% (Ciais et al. 2005). The number of
deaths during 2003 was unprecedented and concentrated mainly in Italy, France,
Spain, Germany, Belgium, and Portugal. Nevertheless, every country in the sample
experiences deaths from natural hazards across time.
Disasters have previously been used as instruments for economic variables such
as trade, aid inflows and oil income (Ramsay 2011; Felbermayr and Gro¨schl 2013;
Jackson 2014), but not for any productivity measure. Kahn (2005) argues that
‘natural’ disasters occur exogenously and it is unlikely that an economy’s
sensitiveness to disasters changes in the short run (World Bank 2010). Since panel
data are used that spans over 15 years, controls for improvements in the resistance
to disasters over time are needed. Kahn (2005) finds that the general level of
economic development, institutional quality, and geography affects the conse-
quences of natural hazards. Therefore, country-specific trends are added and the
model is estimated in first-difference, which remove stable transitory developments
and the impact of time-invariant features, such as economic development and
institutional quality.
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Since a fixed effects model is estimated in first difference, the instrument needs to
vary over time. The number of deaths from natural hazards is chosen to instrument
for material productivity since the variable varies, both across countries and time.
Since this variable covers a variety of disasters (floods, storms, droughts, etc.), they
are likely to occur in various parts of each country, thus reducing the possibility that
re-occurring events systematically alters the effect on material productivity.
Additionally, the number of deaths allows not only to consider the event itself
but also its magnitude. This comes at the expense of a possible imprecision of
reporting the exact number of deaths caused by a disaster. However, this problem is
limited in the sample since all EU countries are industrialised economies with
established monitoring authorities and reporting requirements. Additionally, EU
countries have an incentive to report disasters since they become eligible to
emergency and prevention funding from the EU’s Solidarity Fund and the Civil
Protection Mechanism.
An instrument also needs to be valid. Thus, the following argues that the
instrument complies with the exogeneity restriction for all six indicators.
1. GDP per capita: Since output endogenously determines material productivity, a
temporal strategy is pursued, i.e. lagging material productivity by one period
compared to GDP per capita. This prevents any simultaneous effect of the
instrument on the dependent variable and the endogenous variable. However,
this requires natural hazards to lose their effect on GDP after 2 years, which is
investigated by estimating the effect of disasters on labour productivity, capital
investments, patents, and the labour force. The statistical associations shown in
Table 1 indicate that the effect of disasters on these variables lose their effect
after 1 year. Thus, a 2-year time lag between the instrument and GDP is
sufficiently large to comply with the exclusion restriction.
2. Unemployment: The deaths resulting from disasters are likely to affect the
(un)employment rate since firms go out of business, workers pass away or
colleagues and family members of victims (temporarily) step out of the
workforce. The impact of the instrument on the workforce and labour
productivity is considered to test whether there is any statistical association.
As Table 1 shows, the impact statistically disappears after 1 year.
3. Wages per capita: Wages could be affected by changes in labour productivity as
well as the workforce following a disaster. To justify that the number of deaths
do no impact wages other than through material productivity, the effect of
disasters on labour productivity and the size of the workforce is tested as both
are important factors in determining wages in an economy. As the results below
indicate, the instrument remains valid.
4. R&D per capita: Natural hazards could impact R&D investments other than
through material productivity by affecting patent applications and alternative
investments, including capital investments. Patents are typically the result of
R&D, but it could also capture a shift in priorities of firms once disasters occur,
including investing in reconstruction resulting in reduced applications of
patents. Table 1 shows that patents and capital investments are statistically
insignificantly affected by natural hazards.
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5. Current account: Similar to GDP, the current account (and with it the trade
balance) is an integral part of material productivity. This means that a temporal
strategy is required, which lags material productivity by one period compared to
the current account. Table 1 indicates that the effect of disasters lose their effect
on important macroeconomic variables determining the current account (labour
productivity and patents) already after 1 year. Therefore, the instrument is
lagged twice compared to the current account.
6. GCI: The GCI comprises numerous factors that represent competitiveness,
which can be influenced by natural hazards. However, considering the statistical
relationships shown in Table 1, the exclusion restriction is likely to hold, in
particular because the effect of disasters on patents and capital investments
statistically disappears afters 1 year.
In summary, labour productivity (real labour productivity per capita sourced
from Eurostat), capital investments (gross capital formation as percentage of GDP
from the World Bank), patents (patent applications to the European Patent Office
per million inhabitants from Eurostat) and the labour force (the share of the active to
total population between 15 and 64 years from Eurostat) are identified as relevant
factors that could invalidate the exclusion restriction for the six macroeconomic
variables. The following models are estimated:
Dyi;t ¼ j1deathsi;th þ ut þ hi þ ti;t ð2Þ
where ut are time fixed effects, hi are country fixed effects and h 2 ð0; 1; 2Þ. Dyi;t
is generic since all identified variables mentioned above are used as dependent
variables. The results are shown in Table 1.
3.3 Model specification
In the main model, it is assumed that any generic competitiveness variable yi,t in the
current period is influenced by material productivity in the same period (in t - 1 for
the variables GDP per capita and the current account). This is because productivity
changes are likely to have a short-term effect on competitiveness. For instance,
wages are negotiated taking current or last year’s productivity into account. Thus,
the model is formulated as follows:
yi;t ¼ p1 GDPi;t
DMCi;t
þ ct þ hi þ ei;t; ð3Þ
where
GDPi;t
DMCi;t
is denoted in Euros (PPP) per kilogramme of material use, yi,t is a
generic variable for the six indicators approximating competitiveness, ct are time
effects to control for any year-specific events, e.g. the crises that hit the European
economies in specific years (e.g. financial, sovereign debt), and hi are country fixed
effects. Countries are likely to have a different cultural and historic backgrounds,
past investment strategies, and other country-specific factors (e.g. economic
development, institutional quality).
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The first stage of the model considers the impact of the number of deaths from
natural hazards on material productivity. As argued previously, deaths are lagged
once (twice for the variables GDP per capita and the current account) to comply
with the exogeneity condition. The model is specified as follows:
GDPi;t
DMCi;t
¼ c1deathsi;t1þ 2t þ gi þ ri;t; ð4Þ
where 2t are time effects and gi are country fixed effects.
The first difference is taken to eliminate trends and other persistent movements in
the competitiveness variables and material productivity. The main model is,
therefore, specified as follows:
Dyi;t ¼ p01D
GDPi;t
DMCi;t
þ c0t þ h
0
i þ e
0
i;t; ð5Þ
where c
0
t are time effects and h
0
i are country fixed effects. The first stage of the
model, i.e. Eq. (4), is specified as:
D
GDPi;t
DMCi;t
¼ c01deathsi;t1þ 20t þ g0i þ r0i;t; ð6Þ
where the instrument is the number of deaths from disasters, 20t the time and g
0
i the
country fixed effects. Equations (5) and (6) are estimated using 2SLS with standard
errors clustered over countries.
4 Data description
4.1 Competitiveness
Table 2 describes the six macroeconomic indicators approximating
competitiveness.
Table 3 displays descriptive statistics of the six indicators. Generally, there is
great heterogeneity across the sample, in particular GDP per capita, the
Table 2 Description of the indicators approximating competitiveness
Indicators Description and data sources
GDP per capita Real GDP in Euro (in PPP) per capita; Eurostat
Unemployment Average unemployment rate in % of the labour force; Eurostat
Wages per capita Compensation of employees (wages and salaries plus employer’s social
contributions) in PPP per capita; Eurostat
R&D per capita Total R&D expenditure in PPP per capita at constant 2005 prices;
Eurostat
Current account Net current account balance with the Rest of the World in 1 billion Euro; Eurostat
GCI Global Competitiveness Index; World Economic Forum
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unemployment rate, wages per capita, R&D per capita, and the current account.
Since the GCI compares countries globally, the EU-28 member states appear to be
homogeneous.
Two variables require further elaboration. First, wages per capita is chosen, i.e.
wages and salaries plus employers’ social contribution. This is equivalent to GDP
per capita minus gross operating surplus (excess amount of money of firms after
paying for labour input costs), mixed income from capital and labour (self-
employed and family-employed income), and taxes less subsidies on production and
imports (EC 2016). Thus, wages per capita is an approximation of the disposable
income of each individual for which only incomplete data are available.
Second, the GCI is the arguably the most prominent composite index of
competitiveness (Sala-i-Martin and Blanke 2007).7 The GCI comprises twelve
pillars ranging from institutions and innovations to market efficiency, combining
over 110 microeconomic and macroeconomic factors. Despite criticism, it remains a
frequently used indicator.8 Since the GCI had a methodology break in 2005, the
2006–2014 trend is extrapolated backwards to the years 2000–2005 to have
sufficient observations for the estimations.
4.2 Material productivity
The most common way to measure material productivity is taking the ratio between
GDP and domestic material consumption (DMC). Data on material productivity in
Euro (in PPP) per kilogramme of material are sourced from Eurostat. DMC
measures the total amount of materials directly used within an economy. It
comprises biomass, metals, minerals, and fossil fuels and is defined as the quantity
Table 3 Descriptive statistics of the macroeconomic indicators
Indicators Observations Mean Median Std. deviation Min Max
GDP per capita (t - 1) 242 22,674 22,191 8,523 6,026 69,463
Unemployment 261 9.08 8.00 4.46 3.10 27.50
Wages per capita 261 10,107 9460 4607 2081 34,168
R&D per capita 256 328 262 259 23.80 1050.60
Current account (t - 1) 222 -0.37 -3.30 40.98 -105.30 206.00
GCI 261 4.67 4.51 0.49 3.77 5.65
7 Another composite index is the World Competitiveness Yearbook (IMD WCY 2015), the currently
developed Competitiveness Indicator Platform (OECD 2015) and the harmonised price competitiveness
indicators (ECB 2016).
8 Thompson (2003) criticises competitiveness indices (and thus the GCI) on four grounds: (1) content
validity (methodologies and underlying indicators changes over time), (2) convergent validity (correlation
across different indicators is high suggesting that they all measure similar aspects, but not necessarily
competitiveness), (3) weighting and nature of variables (weights of indicators are arbitrary), and (4)
methodology (the data are not transparently described). Lee (2010) argues that the problem is the lack of
theoretical and empirical foundation for using individual sub-indicators. Pe´rez-Moreno et al. (2015)
points to the problem of total substitutability across and within the GCI’s twelves pillars, as the index is
aggregated using the arithmetic mean.
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(in terms of weight) of domestically extracted raw materials, plus direct material
imports minus direct material exports (EC 2015b). Despite several shortcomings,
DMC is the only material indicator for which data using the same methodology
across countries and year are publically accessible. Alternative indicators such as
raw material consumption, total material requirements, and material footprint data
are only incompletely available (Bringezu and Schu¨tz 2001, 2013).
Figure 1 displays the trends in GDP per capita, DMC per capita and material
productivity of the average values of the EU-28 member states across time. Material
productivity shows a positive trend, which was temporarily interrupted during
2010–2011 and has levelled out since. GDP per capita increased, except during the
financial crisis that has reduced the pre-crisis trend. DMC per capita increased until
2008, followed by a sharp decline in 2009 and has since remained fairly constant.
Interestingly, during the financial crisis, material productivity increases because
DMC per capita decreased more than GDP per capita.
4.3 Instrument
As discussed in Sect. 3, the number of deaths from natural hazards is chosen as an
instrument. The data are retrieved from the EM-DAT database, which is maintained
by the Center for Research on the Epidemiology of Disasters at the Universite´
Catholique de Louvain in Belgium. It contains information on more than 18,000
extreme weather events and accidents. Data are collected from UN agencies, non-
governmental organisations, insurance companies, and research institutes. Disasters
are included in the database if at least one of the following criteria applies: (1) ten or
more people reported killed, (2) hundred or more people reported affected, (3)
declaration of a state of emergency, or (4) call for international assistance. All
deaths from all types of disasters available in the database are taken, namely
droughts, earthquakes, epidemics, extreme temperatures, floods, industrial acci-
dents, landslides, storms, transport accidents, volcanic activity, and wildfires.
Appendix Table 10 shows the number of deaths in all EU-28 member states
between 2000 and 2014. It becomes apparent that the heat wave in 2003 has caused
an enormous number of victims. Furthermore, the number of deaths varies widely
across countries and years.
60
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Material productivity DMC per capita GDP per capita
Fig. 1 Trends in GDP per capita, DMC per capita, and material productivity
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5 Results
Starting with Eq. (6), Table 4 shows the first stages for all samples of the six
indicators. Throughout all samples, the impact of the number of deaths from
disasters (in 10,000) has a negative and highly significant impact on material
productivity, even though its magnitude is small, i.e. material productivity decreases
by around 0.06 Euro/kg per 10,000 deaths. This finding is in line with the literature
that suggests a negative impact of disasters on the productive system of an economy
(Hochrainer 2009; Raddatz 2009; Hsiang and Jina 2014; DuPont et al. 2015).
Additionally, Table 4 shows that the instrumentation is valid from a statistical
perspective. The Kleibergen–Paap F statistics measures the instruments’ strength.
The rule of thumb is that this F statistic should be above 10 (Angrist and Pischke
2009), which is the case across all samples. The Kleibergen–Paap LM statistic is a
test for underidentification, which essentially measures the instrument’s relevance.
For almost all samples, the null hypothesis that the instrument is underidentified is
rejected at the 10% significance level. All test statistics in the table are robust to
heteroscedasticity and arbitrary within correlation (Baum et al. 2007).
The OLS and second stage results are shown in Table 5. Two findings become
apparent. First, the material productivity rate has neither a positive nor a negative
causal impact on most competitiveness indicators, except a positive effect on the
wage rate, with less confidence, on the current account rate. Second, for no
competitiveness indicator, OLS and 2SLS are significantly different from zero,
which makes it virtually impossible to identify the root of the endogeneity problem.
Importantly, considering OLS, one would conclude that the material productivity
rate has a negative impact on the GDP rate and a positive effect on the
unemployment rate, i.e. increasing unemployment. The statistical significance and
of these effects disappear applying the 2SLS approach, suggesting that either
Table 4 First-stage results
Sample (1) (2) (3) (4) (5) (6)
GDP Unemployment Wages R&D Current
account
GCI
Deathsi,t-1 -0.06***
(0.02)
-0.06***
(0.02)
-0.06***
(0.02)
-0.06***
(0.02)
Deathsi,t-2 -0.06***
(0.02)
-0.06***
(0.02)
Kleibergen–Paap
rk Wald
F statistic
12.83 14.29 14.29 11.59 10.90 14.29
Kleibergen–Paap
rk LM statistic,
p value
0.098 0.094 0.094 0.105 0.108 0.094
Dependent variable is Dmaterial productivityi;t for columns (2), (3), (4) and (6). Dependent variable is
Dmaterial productivityi;t1 for columns (1) and (5). Estimated with 2SLS. Country fixed and time effects
are included. SE are clustered over countries and shown in parentheses
* p\ 0.10, ** p\ 0.05, *** p\ 0.01
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omitted variables, measurement errors or simultaneity (or any combination thereof)
have biased these results.
Increasing the material productivity rate by 1 Euro per kg causes the wage rate
per capita to increase by 1905 Euros. This is equivalent to a 0.6 standard deviation
increase in wages resulting from a one standard deviation increase in material
productivity. The wage increase can be due to the fact that firms pass on parts of
their ‘material savings’ from increased productivity to employees, which in the
literature is referred to as the cost channel (Flachenecker 2015). An alternative and
complementary explanation would be that unions demand higher wages because of
general productivity improvements, thus going beyond labour productivity
improvements suggested by standard economic theory.
Increasing the material productivity rate by 1 Euro per kg causes the current
account rate to increase by 137 billion Euros, which is equivalent to a 1.37 standard
deviation increase in the current account caused by increasing material productivity
by one standard deviation. However, the effect is only significant at the 10% level.
The direction of the effect is in line with previous findings for the trade balance of
metals (Dussaux and Glachant 2015). The authors find that increasing material
productivity through domestic recycling substitutes the import of primary metals,
hence ceteris paribus increasing the current account. Similar claims are brought
forward in the field of energy efficiency (UNIDO 2011). Nevertheless, the result
should merely be seen as an indication of a positive impact of the material
productivity rate on the current account rate.
5.1 Robustness checks
Since the only statistically significant effects are on the wage rate and the current
account rate, robustness checks are limited to those variables. Excluding individual
countries does not change the conclusions drawn from Table 5. Excluding the
country fixed effects does not substantially change the results. Excluding any
potential outliers does not change the results significantly. The time effects are
jointly statistically different from zero and thus included in the estimations. The
results are tested regarding different standard errors (i.e. robust to heterogeneity and
homogeneity), concluding that the results remain unchanged.
Table 6 shows the results for the wage rate and the current account rate when
excluding the years of the financial crisis (2008–2010) and dividing the samples into
the EU-15 and non-EU-15 countries. In essence, the results are unchanged, with the
exception that the effect on the current account is just outside the 10% significance
level when the years of the financial crisis are excluded. This could be the results of
the instrument reducing its strength.
Moreover, several variables are controlled for that potentially have an impact
on wages. According to standard economic theory, labour productivity is an
essential determinant of wages (e.g. Millea 2002). Data on real labour
productivity per capita are sourced from Eurostat. R&D expenditures can impact
wages negatively by reducing available funds as well as positively through
possible rents from R&D (e.g. Lokshin and Mohnen 2013). Data on R&D
expenditures in PPP per capita at constant 2005 prices are taken from Eurostat.
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The labour force is one factor in determining the supply of labour and thus
wages (e.g. Heckman 1974). Eurostat data are considered, which defines the
labour force as the share of the active to total population between 15 and 64
years. In addition, capital investments are argued to impact on wages, not at least
due to the substitutability between capital and labour (e.g. Holm et al. 1994;
Rowthorn 1999). Data on gross capital formation as percentage of GDP are taken
from the World Bank. As shown in Table 7, the results are unchanged and fairly
robust to these control variables.
Control variables are also included for the current account model. The literature
argues that foreign direct investments (FDIs) can increase the current account by
increasing national savings (e.g. Fry 1996). Data on net inflows of FDI in current
USD are taken from the World Bank. The literature further finds that investments,
including in R&D, can improve the current account (e.g. Glick and Rogoff 1995).
R&D expenditure data in PPP per capita at constant 2005 prices are retrieved from
Eurostat. Similarly, the general competitiveness of a country, and patents (e.g.
Crosby 2000) have an effect on the current and are thus controlled for. Data on the
GCI are taken from the WEF and patent applications to the European Patent Office
per million inhabitants are taken from Eurostat. As shown in Table 8, the results
remain robust.
Besides experimenting with different standard errors as mentioned above, it is
important to also control for serial correlation using the approach suggested by
Newey and West (1987). Equation (5) is thus estimated controlling for various
autocorrelation structures. Table 9 shows that the results are essentially unchanged
when using AR(1), AR(2) and AR(3) error structures.
Individual years are also excluded, which does not change the results, except for
the year 2003. This may not come as a surprise since Appendix Table 10 shows that
Table 6 Robustness checks by excluding the financial crisis and the new member states
Wages Current
account
Wages Current
account
Excl. 2008–2010 EU-15
(1) (2) (3) (4)
Dmaterial productivityi;t 1761.47**
(836.03)
2301.57**
(1039.31)
Dmaterial productivityi;t1 128.77
(83.14)
104.98*
(55.83)
Kleibergen–Paap rk Wald
F statistic
11.32 7.68 17.21 14.85
Kleibergen–Paap rk LM statistic,
p value
0.101 0.125 0.072 0.077
N 209 170 147 126
Columns (1) and (3): dependent variable is Dwagesi;t . Columns (2) and (4): dependent variable is
Dcurrent accounti;t . Estimated with 2SLS, including country fixed and time effects. SE clustered over
countries are shown in parentheses
* p\ 0.10, ** p\ 0.05, *** p\ 0.01
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the heatwave in 2003 caused a substantial amount of deaths. For this analysis, this
means that the effect of the 2003 heatwave constitutes an important event in
explaining the variation in material productivity. However, the effects of this
Table 7 Checking the robustness of the results for wages by including control variables
Wages
(1) (2) (3) (4)
Dmaterial productivityi;t 1706.15**
(807.01)
1723.78**
(801.33)
2064.18**
(835.83)
1791.25**
(789.25)
Dlabour productivityi;t 17.73
(22.04)
DR&Di;t 6.14***
(1.95)
Dlabour forcei;t 68.85*
(40.04)
Dcapitali;t 52.23**
(22.49)
Kleibergen–Paap rk Wald
F statistic
11.15 11.78 13.04 14.50
Kleibergen–Paap rk LM
statistic, p value
0.103 0.103 0.096 0.091
N 261 256 260 260
Dependent variable is Dwagesi;t . Estimated with 2SLS, including country fixed and time effects. SE
clustered over countries are shown in parentheses
* p\ 0.10, ** p\ 0.05, *** p\ 0.01
Table 8 Checking the robustness of the results for the current account by including control variables
Current account
(1) (2) (3) (4)
Dmaterial productivityi;t1 149.12* (85.46) 111.55*
(62.01)
136.70*
(75.31)
147.37*
(84.77)
DFDIi;t -4.36
-11
(2.76-11)
DR&Di;t 0.1501**
(0.0726)
DGCIi;t 11.85
(27.64)
Dpatentsi;t 0.2389
(0.1619)
Kleibergen–Paap rk Wald
F statistic
9.18 14.59 10.73 9.26
Kleibergen–Paap rk LM
statistic, p value
0.117 0.087 0.108 0.120
N 221 220 222 222
Dependent variable is Dcurrent accounti;t. Estimated with 2SLS, including country fixed and time effects.
SE clustered over countries are shown in parentheses
* p\ 0.10, ** p\ 0.05, *** p\ 0.01
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heatwave would have been likely to be similar in other countries, across time and
under different severities (counterfactual). Despite previous heatwaves and other
disasters, EU countries still seem unprepared for the substantial impacts and
magnitude of such events on human lives and economic activity (Garcı´a-Herrera
et al. 2010). The effect’s similarity across economies is particularly likely since the
EU is a relatively homogenous group of industrialised countries. Shutting down
nuclear power plants is one example, which is required every time when extreme
temperatures or low river levels occur, which is independent from when or where
such events take place (de Bono 2004). Thus, the economic rationale behind the
results remains valid.
6 Discussion
The results provide evidence that increasing the material productivity rate leaves
four out of six macroeconomic indicators approximating competitiveness statisti-
cally unchanged. From a policy perspective, this means that claiming increasing
material productivity improves macroeconomic competitiveness in the EU might be
misleading. However, there is no evidence that competitiveness is harmed as a result
of increases in material productivity. Thus, these results can be interpreted as a
statement of caution. It has to be noted that the analysis critically depends on the
indicators considered to approximate macroeconomic competitiveness. The mea-
sures chosen in this analysis are the result of reviewing the literature, thus going
beyond the current empirical literature that fails to clarify the concept. Nevertheless,
the set of indicators used in this analysis needs to be tested against a different set of
indicators.9
Table 9 Controlling for autocorrelation error structures
Wages Current account
AR (1) AR (2) AR (3) AR (1) AR (2) AR (3)
DMPi;t 1905.05*
(1061.77)
1905.05*
(1063.55)
1905.05*
(1046.80)
DMPi;t1 136.56*
(81.25)
136.56*
(79.74)
136.56*
(82.33)
N 261 261 261 222 222 222
Dependent variable are Dwagesi;t and Dcurrent accounti;t. 2SLS estimation with country fixed and time
effects. Newey–West SE are shown in parentheses
* p\ 0.10, ** p\ 0.05, *** p\ 0.01
9 The analysis has also been tested using the following indicators as dependent variables: exports per
capita, exports of high-technology goods and services per capita, carbon dioxide emissions per capita, a
price competitiveness and institutional competitiveness measure from the European Central Bank, patent
application per capita, foreign direct investments, and labour productivity. The results confirm the
conclusions drawn from this analysis.
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The results provide evidence for a statistically significant causal impact of
increasing the material productivity rate on the wages rate per capita across the EU-
28 member states. The meaningfulness of the result’s magnitude can be exemplified
by extrapolating it into the future. If the EU were to double its material productivity
rate compared to its pre-crisis trend (i.e. 2000–2007) until 2030, as suggested by the
European Resource Efficiency Platform (2014), the wage increase beyond its trend
from doubling the material productivity rate would be 2431 Euros for every EU-
citizen in 2030 or 152 Euro per year. This is equivalent to approximately 1.2 trillion
Euros gross gain in wages from doubling the pre-crisis trend in material
productivity. Figure 2 illustrates the change in wages per capita by doubling the
pre-crisis trend.
Generally, the findings of this analysis have three implications. First, those
scholars arguing that relatively high wages are detrimental for the competitiveness
of countries (e.g. Siggel 2006; Acemoglu et al. 2016) would interpret this finding as
being a setback to competitiveness. However, those scholars arguing that
competitiveness is about increasing welfare (e.g. Aiginger 2006; Snowdon and
Stonehouse 2006; Salvatore 2010) could see this result as improving competitive-
ness. Thus, there is no consensus whether wage increases are positive or negative
for macroeconomic competitive.
Second, wage increases are likely to increase the rebound effect and thus
environmental pressures. This has repercussions on the calculation of the rebound
effect itself, for instance, the model used by Meyer (2011) assumes that gains from
material productivity, i.e. ‘material savings’, are re-invested into innovation
activity, which reduces the magnitude of the rebound effect. This finding suggests
that at least part of the gains is passed on to employees.
Third, employees are benefiting from increases in material productivity in
addition to increases in labour productivity (Table 7). It seems that employees
benefit generally from productivity rather than the pure increase in labour
productivity.
The results also indicate that increasing the material productivity rate increases
the current account rate. Two mechanisms are consistent with this result. First,
increased productivity leads to an increase in exports, because more productive
10,000
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20,000
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wage (BAU) wage (double pre-crisis trend)
Fig. 2 Extrapolated future average wage per capita developments of the business-as-usual (BAU) trend
compared to doubling the pre-crisis material productivity trend
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firms self-select themselves into international markets (Kunst and Marin 1989;
Wagner 2007). Second, given that the EU imports approximately three times more
materials than it exports, imports are likely to increase less (or decrease more)
compared to exports once material productivity increases. In both scenarios, the
current account ceteris paribus increases.
Policy making could focus on how the gains from material productivity are being
channelled. If the gains are passed on to employees, they are likely to increase the
rebound effect, undermining efforts to reduce absolute material consumption. At the
same time, material productivity policies could be justified as a social policy rather
than one improving competitiveness. This would require further analyses on the
distributional effects of material productivity increases. However, channelling the
gains into eco-innovations through incentives (e.g. tax breaks, financial support)
could further improve firms’ productivity and create spill-over effects while
reducing the rebound effect and associated environmental pressures. Channelling
gains from productivity measures into eco-innovation is acknowledged as one
strategy to reduce the rebound effect (Font Vivanco et al. 2016). Even though eco-
innovations themselves are associated with additional rebound effects (Font
Vivanco et al. 2015), the effect is likely to be lower each time gains are re-
invested, hence reducing associated environmental pressures, at least in relative
terms.
7 Conclusion
This paper investigates the causal impact of material productivity on competitive-
ness in the European Union (EU). The current literature, dominated by interdis-
ciplinary scholars and policy circles, claims that increasing material productivity
improves macroeconomic competitiveness. However, two limitations of the
literature can be identified. First, it fails to clarify the concept and measurement
of competitiveness on the macroeconomic level. Second, it lacks to take the
endogeneity of material productivity in empirical studies into account.
This paper attempts to address the two shortcomings by (1) reviewing the
concept of macroeconomic competitiveness and identifying six conventional
macroeconomic indicators to approximate competitiveness, and (2) using a panel
data set for the 28 member states of the EU between 2000 and 2014 to estimate
the causal impact of material productivity on each of the six indicators. The
number of deaths from natural hazards is taken as an instrument, which is shown
to be both relevant and valid. The results suggest that increasing the material
productivity rate has no causal impact on most indicators, with the exceptions of
positive and causal impacts on the wage rate per capita and, with lower
confidence, on the current account.
The results indicate that claiming increases in material productivity improves
macroeconomic competitiveness might not be justified. While it is debateable
whether higher wages improve or harm competitiveness, overall, there is no
evidence that increasing material productivity is a setback to competitiveness, while
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acknowledging that there is no optimal set of indicators approximating
competitiveness.
Channelling the gains from material productivity could be the focus of policy
making since increased wages are likely to result in a more pronounced rebound
effect and thus environmental pressures. Thus, through incentives, including tax
breaks and financial support, policy makers could redirect gains into eco-
innovations, which helps to further improve productivity and make the absolute
reduction of material use and reduction of associated environmental pressures
become more likely. Further investigations are necessary, in particular testing these
results against different sets of indicators on the macroeconomic level as well as
analyses on the microeconomic level, to shed light into the economy-wide effects of
moving towards material productive economies.
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See Table 10.
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